Summary
The resting heart rate was monitored in 50 urethaneanaesthetized (387 ± 54 beats/min) and 4 conscious (341 ± 39 beats/min) ferrets. The arterial blood pressure in the anaesthetized animals was 140/110 ± 35/31 mmHg. The circulatory responses to vagal stimulation, carotid artery occlusion and a variety of humoral agents were examined. The vagal innervation of the heart and of the distribution of the great vessels are described.
In recent years, the ferret has been used increasingly as an experimental animal--especially for virological, reproductive and gastro-intestinal research-but very little data are available concerning its electrocardiogram, heart rate or blood pressure of this animal. We are aware of only 2 publications dealing with the physiology of the cardiovascular system of the ferret: in a paper reviewing the use of the ferret as a laboratory animal Pyle (1940) stated that 'No information is available on pulse rate. However, it is so rapid that the data will have to be obtained by kymographic readings'; the results of Kempf & Chang (1949) , who measured the heart rate and blood pressure in 10 anaesthetized ferrets, will be discussed later in relation to our own findings.
Although several reports have appeared concerning the histology of atrioventricular node and ventricular muscle of the ferret heart (Marino, 1977; Breisch, 1977) , there is only a brief description of the gross anatomy of the distribution of the great vessels (Willis & Barrow, 1971) , and no report of the innervation of the heart.
The aim of the present study was to quantify some of the cardiovascular parameters of this species and to provide a more comprehensive description of the gross anatomy of great vessels and cardiac innervation.
Materials and methods

Anaesthetized animals
Forty-eight male and 22 female ferrets (Mustela putoriusJuro), of 133-1500 g bodyweight, were used. The approximate age range covered by the population was 1-24 months. When weaned, the animals were fed on a standard carnivore diet with free access to water. Received 4 May 1978 . Accepted 19 February 1979 The animals were anaesthetized with a single intraperitoneal injection of urethane (1·5 g kg-I). Rectal temperature was maintained at 38-40°C by radiant heat. The depth of anaesthesia was such that the reflex withdrawal of a hindlimb to a strong pinch was just abolished. In animals with the abdominal aorta cannulated, the forelimb-pinch reflex was used to assess the degree of anaesthesia.
After tracheal intubation the right external jugular vein was cannulated for the administration of drugs and supplementary anaesthetic. Systemic arterial blood pressure was usually monitored in the common carotid artery. The animals used to investigate the effect of carotid artery occlusion had their blood pressure monitored in the abdominal aorta so as not to interfere with carotid sinus perfusion. The blood pressure was measured by a transducer, amplified and simultaneously displayed on a chart recorder and an oscilloscope. The electrocardiogram (ECG) was monitored-usually in lead II-by means of subcutaneous needle electrodes. The signal was amplified, suitably filtered and displayed on the oscilloscope together with the blood pressure.
In 6 animals the vagi were exposed in the neck, separated for a distance of 10-20 mm from the carotid arteries, cleared of connective tissue, ligated and cut centrally. The peripheral end of the nerve was placed over a bipolar silver electrode to which stimuli were delivered from a Devices Isolated Stimulator. The pulses were precisely timed (model D4030; Digitimer, 37 Hydeway, Welwyn Garden City, Hertfordshire, AL 7 3BE, UK). Pulses of variable voltage and frequency were used, and values are indicated at appropriate places in the text. The electrode was periodically moved caudally to prevent damage to the nerve by prolonged stimulation at one site.
All drugs were dissolved in 0·9% aqueous sodium chloride and administered as a bolus injection. 
Electrocardiogram and heat rate
The typical configuration of the electrocardiogram recorded from the 3 standard limb leads in the anaesthetized ferret is shown in Fig. 1 
Conscious animals
The heart rate was measured in 4 adult male ferrets.
The ECG was recorded with surface electrodes between 2 points on the chest. The signals were led off to an amplifier by a long piece of flexible cable and recorded on magnetic tape for later analysis. Each recording session lasted for 10 min, during which time the animal was allowed to feed or move around at will. The heart rate in a single sleeping ferret was also measured over a period of 1 h. Results are expressed as mean ± 1 s.d. (number of observations).
Respiration rate
The mean respiratory rate in the anaesthetized ferrets was 31 ± 6 breaths/min when the rectal temperatures was maintained at its normal value of 39°C.
A rterial blood pressure
The typical carotid artery pressure profile in an anaesthetized animal is shown in Fig. 3 . The mean arterial blood pressure values from 60 animals were systolic 140 ± 35 mmHg, diastolic 110 ± 31 mmHg.
The resting pressure showed the characteristic rises in pressure that occur in phase with inspiration. The systolic pressure may vary by 10% between inspiration and expiration. In some animals Mayer waves were observed after 10 h of anaesthesia. of the components was always largest in lead II followed by lead III and lead I. The electrocardiogram could be resolved into the typical components-P wave, QRS complex and T wave-with the QRS complex having the largest amplitude in all 3 leads. The values of amplitude and duration of the ECG waves measured in lead II are tabulated below (Table  1) .
The mean heart rate computed from the R-R interval was 387 ± 54 beats/min, and the maximum recorded in an individual anaesthetized ferret was 540 beats/min. At these higher rates the interval between successive T and P waves became markedly reduced and the ST segment slightly elevated.
Over the range investigated no correlation was observed between the heart rate and the body weight of the animal.
Several ECG abnormalities were observed and 2 examples are shown in Fig. 2 . The upper trace demonstrates a bifid QRS complex, and the lower a bifid P wave. The 2 animals with these abnormali\ies survived for several hours under anaesthesia.
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J1Jm lmvL 100 ms Fig. 2 . B. Tracing of 2 ECG waves recorded from lead II.
Note that the P wave is bifid. 
Heart rate in the consciousferret
The mean heart rate, measured during 30 periods of observation on 4 ferrets, was 341 ± 39 beats/min. The electrocardiogram recorded between 2 points on the chest wall (Fig. 4) showed the characteristic features of P, QRS and T waves. When the animal is sleeping, the heart rate drops rapidly; the mean value obtained from a single animal during 60 min sleep was 246 ± 15 beats/min.
Effect of electrical stimulation and section oj the cervical vagi
In animals with bilateral cervical vagotomy, stimulation of the peripheral cut end of either cervical vagus with voltage pulses of 10 Y, 0·5 ms, and at varying frequencies, produced dramatic changes in heart rate and blood pressure (Fig. 5 ). Stimulation at 1 Hz did not 
Effect of carotid artery occlusion
Occlusion of a carotid artery caudal to the carotid sinus produced an increase in blood pressure which reached a plateau after about 10 s. Increase in systolic pressure of up to 50% were produced by occlusion of one artery and increases of up to 75% by occlusion of both carotid arteries .
The degree of increase showed a considerable variation between animals. It should be remembered that anaesthesia can influence the baroreceptor reflexes (Kirchheim, 1976) . lation up to 100 Hz. If, instead of using short periods of stimulation (Fig. 5 ) the nerve was stimulated for 1 min at 50 Hz, it was observed (Fig. 6 ) that the blood pressure and heart rate began to attain their original levels before the stimulus was removed (vagal escape). The threshold of the vagal fibres producing the chronotropic effect on the heart was O· 75-1·00 V at a pulse width of O· 5 ms. The fall in heart rate and blood pressure evoked by vagal stimulation was prevented by atropine (1 mg/kg). Stimulation of the vagi after atropine often produced a slight tachycardia with a concomitant increase in blood pressure. This provides some evidence for the existence of a cervical vagosympathetic trunk in the ferret (also see the section below on vagal innervation). Acute bilateral cervical vagotomy caused a dramatic increase in heart rate (Fig. 7b ) that remained about 20% above the prevagotomy level for the remainder of the experiment. Concomitant with the increase in heart rate was an increase in systolic blood pressure (Fig. 7a) , although the blood pressure rapidly returned to a level only a little above the prevagotomy level. Administration of atropine (1 mg/kg) after vagotomy did not produce any further increase in heart rate, indicating that the vagus was the only source of cholinergic cardio-inhibitory fibres. A similar percentage increase in heart rate was observed when the cervical vagi were cut after a sympathetic blockade.
Vagal innervation of the heart
In the neck the vagus nerve and the sympathetic trunk lie closely applied, bound together in the same fascial sheath. Because of the difficulty in separating them, a chronic 'vagotomy' carried out in the cervical region causes the appearance of Horner's syndrome on the operated side. The vagosympathetic trunk travels in close proximity to the common carotid artery, lying slightly dorsolateral to it. On the right side at the level of the thoracic inlet, the vagosympathetic trunk passes ventral to the subclavian artery and the sympathetic trunk leaves the vagus nerve at this point. It does so by 2 roots that pass on either side of the subclavian artery. Occasionally the 2 roots pass to the same side of the artery. Whatever route is followed, the 2 roots join the inferior cervical (stellate) ganglion. The right recurrent laryngeal nerve leaves the vagus at this point by looping around the subclavian artery and ascending in the tracheo-oesophageal groove. The main vagal trunk then continues caudally in the thorax, lying adjacent to the trachea, slightly dorsolateral to it. The vagus gives a few small twigs to the trachea in this part Effect of humoral agents on the cardiovascular system Acetylcholine (0·1-10 ,ug/kg) produced a bradycardia with a concomitant fall in blood pressure. The effect was abolished by atropine (1 mg/kg). A fall in heart rate was also produced by neostigmine (1 mg/kg). Adrenaline (0·5-20 ,ug/kg) caused an increase in mean blood pressure that was markedly reduced by phentolamine (2 mg/kg). Noradrenaline (1-20 ,ug/kg) and histamine (1-50 ,ug/kg) also produced an increase in blood pressure. A fall in blood pressure was produced by isoprenaline
(1-20 ,ug/kg), but after administration of propranolol (2 mg/kg) an increase in blood pressure was evoked. In these experiments concerning the effects of various humoral agents on the cardiovascular system, only a few substances have been investigated at a selected range of doses. To characterize the cardiovascular responses completely, dose-response curves need to be constructed for the various humoral agents and their antagonists. However, it is hoped that the doses given above will provide an indication as to the non-lethal doses of some commonly used cardiovascular stimulants. Distribution of the great vessels (Fig. 8) The heart in the ferret does not lie closely applied to the diaphragm but is separated from it by a distance of about 10 mm. The inferior vena cava therefore has a free course of about 25 mm between piercing the diaphragm and entering the right atrium.
The arch of the aorta is buried entirely in pericardial fat and does not emerge from the fibrous pericardium. It has 2 major branches. The 1st is a central innominate stem with a diameter of 1·5-2·0 mm. This has a course of 25-30 mm ascending ventral to the trachea. At the level of the thoracic inlet it breaks into 3 branches, the right and left carotid arteries and the of its course. At the level of T4-T6, the vagus sends several small branches which travel on the ventral sur-a~e of the trachea. One or more of these twigs may be Jomed by small branches given off by the sympathetic trunk as it leaves the vagus. The combined sympathetic-vagal branches travel on the ventral surface of the trachea until they reach the heart. They then appear to penetrate the wall of the right atrium close to the entry of the superior vena cava. As it passes under the root of the lung the right vagus gives ofT a branch which passes under the azygous vein to reach the wall of the right atrium.
On the left side, the left sympathetic trunk leaves the vagus in a similar manner to that described for the right. At about the level of T4 the left recurrent laryngeal nerve is given ofT by the vagus. It travels with the vagus until the arch of the aorta, where it sweeps under the arch to ascend to the larynx in the tracheo-oesophageal groove. Just below the point at which the left recurrent laryngeal nerve is given ofT, the left vagus gives off a major branch which travels as far as the aorta where it is lost in a fine plexus under the arch of the aorta. The vagus also gives ofT 2-3 small branches, which join the branches given ofT by the right vagus to travel to the right atrium. The reader is referred to Randall (1977) The 2nd branch from the arch of the aorta is th~left subclavian artery, diameter 0·50-0·75 mm, which asce?ds lateral to the trachea before hooking over the 1st nb to reach the forelimb.
The superior and inferior vena cavae are large vessels, each having a diameter of 3·0-3·5 mm.
Discussion
The results obtained for the heart rate of the ferret support Pyle's statement quoted in the introduction. Kempf & Chang (1949) reported that the heart rate of 10 ferrets with a mean body weight of 823 g anaesthetized with 30 mg/kg pentobarbitone sodium ip, was 226 ± 50 beats/min, and the average mean arterial blood pressure was 147 ± 20 mmHg. The heart rates recorded in the present study on both urethane-anaesthetized and conscious ferrets are markedly different from those of Kempf & Chang. The difTerence in heart rates may be due to a dissimilar action of the anaesthetics on the cardiovascular system, pentobarbitone having a depressive and urethane a slight stimulating efTect on the heart rate, assuming the values from the conscious animals to be representative. The electrocardiogram showed the standard pattern observed in most animals, with wave amplitudes in the usual ranges (Dittmer & Grebe, 1959) .
The slowing of the heart in response to cervical vagal stimulation demonstrates that, in common with other laboratory species, there are cholinergic cardioinhibitory fibres present in this nerve in the ferret. Both the anatomical and physiological studies indicate that the vagus is in fact a vagosympathetic trunk in the neck, as. has been observed in several other species (Randall, 1977) .
The experiments on the efTect of various humoral agents on the cardiovascular system indicate that the ferret responds in a similar manner to other laboratory spec~es, although a more complete investigation is reqUIred. A comprehensive pharmacological study would be useful in assessing whether the heart rate in the ferret is high due to intrinsic pacemaker activity or sympathetic 'drive'.
It is hoped that the information in this paper will be useful to workers using the ferret under acute experimental conditions and monitoring cardiovascular parameters as an indicator of the physiological condition of the animal. The heart itself appears to be an interesting organ for investigation in view of its high rate considering the size of the animal. 
